Abstrct. There is a theoretical and experimental evidence that Fourier analysis is a powerful tool for tackling image processing problems. Its usefulness has been proven through its successful application in several fields. This paper describes the application of a new Fourier descriptor for outlining geographical profiles to be used in reconstruction and recognition.
Introduction
Computer vision is the process of deriving useful information from digital images of a scene. The applications of computer vision can be classified in terms of three major areas; compression, enhancement and recognition. Recognition involves the identification of objects in the image which has been generally accepted as one of the most important field in computer vision especially for profile recognition. This is due to the numerous fields in which profile recognition can be found, such as geographical maps which have been studied extensively over the last two decades and there have been several different approaches to geographical profile recognition problems. The attempts have been made to place geographical profile characterization on a quantitative level by the use of various mathematical, statistical and linguistic descriptions.
A profile can be defined as a list of points defined by a specified starting point and a connected sequence of points which involves stepping point to point around the boundary leading back to the starting point. The words profile, object, shape, contour and silhouette are sometimes used in the literature interchangeably.
Geographical profile recognition represents a particular problem therefore, the descriptor should be able to handle any type of geographical profile which might contain any type of shape such as sharp corners, straight edges or curves, both concave and convex and independent of translation, rotation, scaling and the starting point. Also that any amount of change made to the geographical profile should correspond to the amount of change in the descriptor features. Fourier descriptors can provide these requirements [1] [2] [3] [4] . Its features provide basic properties of profiles and with flexibility for increasing the number of harmonics in order to get more detail about the profile. The properties of Fourier descriptors ensure that profile representations generated by this technique withstand rotation, translation, scaling, reflection and change of traversal starting point or direction.
Fourier Descriptor
The use of Fourier series techniques is now regarded as an importance in the study of many branches of science and engineering [5] [6] [7] [8] . The idea of Fourier theory that all periodic functions can be expressed as a sum of sinusoidal components which permits the interpretation of the series representation of such function as an approximation to the function [9] .
The essential characteristic of a periodic function is the fact that function values repeat regularly at a constant interval of the independent variable i.e. the period of the function, f (x) = F(x+n) where n is a positive integer, for all values of x.
The Fourier series for a function of a single variable can be expanded to 2D, i.e., f(x,y). For example, a double Fourier sine series [10] [11] ,
In order to use this approach for profile recognition, the profile needs to be represented as an image with only two gray level values (black and white), where all points inside the profile are set to black and all other points outside are set to white. The computational effort involved here is quite expensive. Moreover, the normalization is quite complex and difficult to achieve. It is therefore impractical to describe a profile as an image using a 2D Fourier descriptor.
Therefore, in the literature describing 2D profile as 1D in term of Radial and Theta representations has solved the problem. Radial representation defines the profile by measuring the radial length from the center of the profile to each point on the profile boundary. The Theta representation defines the profile by taking the angular change of each point on the profile boundary against the perimeter length.
However, Radial Fourier descriptor has difficulties in outlining the concave parts of the profile. Therefore, the Radial representation is not sufficient to describe irregular profiles accurately. This problem arises because the Radial representation should, ideally, be uniform along the θ-axis so that the two axis (R,θ) can be moved conveniently relative to one another.
On the other hand, Theta representation in general shows good results for describing regular and irregular profiles, but because the angular representation of a profile is not a smooth function; the number of harmonics used for Fourier Descriptor has to be very high in order to outline the profile accurately.
A new technique is developed using Fourier series based on computing the two parameters (x,y) separately [12] , this makes it possible to use a 1D Fourier series algorithm to perform a 2D profile. The idea that in image processing, each point has a unique set of values (x,y) where the value of x or y of a given point is related to any of its neighbors by the addition or subtraction of 1 or 0. As a consequence, the functions which describe the profile in terms of x and y separately, are very smooth in comparison with other representation of profile such as Theta and Radial profile representations.
This makes it possible to use a 1D Fourier series to perform a 2D profile. However, Fourier series can only represent a function of period 2π since sine and cosine functions each has a period of 2π. Therefore, in order to use Fourier analysis, a profile has to be represented as a periodic function. In image processing, a profile is represented by a series of points from 1 to N, where N is the total number of points in the profile. Therefore, in Fourier terms, each profile can be said to have a period of N since one complete passage around the profile returns to the start point, so we can convert N into an interval of 2π. This approach gives a considerable saving in computation time and can outline profiles sufficiently using only a few harmonics. Therefore, the computational cost for profile representation is considerably lower compared to traditional Fourier transforms descriptors.
The basis of 1D Fourier series is to represent a function f (u) by a trigonometric series of the form [10, 11] , 
Fourier Descriptor Features
The XY Fourier descriptor has the potential for geographical profile recognition in many different ways. Its coefficient features provide basic properties of profiles with flexibility for increasing the number of harmonics in order to get more features which could describe the profile in more detail. Its outlining of profiles provides powerful features for modeling and matching of profiles where profile matching is powerful techniques for geographical profile recognition in particular it is effective for inspecting geographical profiles with defects.
The matching can be carried out as global or local. Global matching quantifies the similarity between the entire geographical profile and the entire geographical model, whilst local matching quantifies the similarity between portions of the geographical profile and of the model.
Another advantage of using the XY Fourier descriptor is that a profile can be reconstructed as a polygon representation which offers a compact representation. In practice, the goal of a polygonal approximation is to capture the "essence" of the geographical profile with the fewest possible polygon segments. This allows the XY Fourier descriptor to be used for finding the critical points of the geographical profile. Figures 1(a,b) and 2(a,b) show geographical profiles where their size (N) are represented with 2, 3, 4, 5, 10, 50, 100, 250, and 500 points joined by line segments using 8 harmonics. Observing the figures, one can see that each geographical profile is reduced to particular points and still contain the most significant features of the original geographical profile.
The polygon representation appears to offer good prospects for classifying profiles and can be described as a compact features which offer distinctive patterns for geographical profiles where it can be used efficiently to identify a particular type of geographical profile. The essential details of the profile are described by the low-order polygon representation whereas higher polygon representation describes the profile in greater detail. This polygon representation technique of using XY Fourier Descriptor can be very useful in application where profiles are very large and only the most significant features are needed to be stored and documented which means the reduction of unnecessary information on the profile.
Conclusion
This paper reports on the development of XY Fourier Descriptor which can outline profiles very accurately and give considerable saving in computation time. The polygon representation using Fourier Descriptor provides powerful features for modeling and matching of geographical profiles and can be successfully detected even after rotation, translation, scaling and reflection of the host geographical profile. Future work will concentrate on the enhancement and restoration of remotely sensed satellite images of outer space using XY Fourier Descriptor which will lead to the automation of profile classification and identification.
